Protein identification in polyacrylamide gel electrophoresis (PAGE) requires post-electrophoretic steps like fixing, staining and destaining of the gel, which are time-consuming and cumbersome. We have developed a method for direct visualization of protein bands in PAGE using tetrakis(4-sulfonato phenyl)porphyrin (TPPS) as a dye without the need for any post electrophoretic steps, where separation and recovery of enzymes become much easier for further analysis. Activity staining was done to prove that the biochemical activity of the enzymes was preserved after electrophoresis.
Introduction
Development in the field of proteomics is hindered due to the lack of efficient strategies for the detection and separation of proteins. 1 A highly sensitive protein detection method is essential for the growth of proteomics. Following separation by electrophoretic methods, proteins in a gel can be detected by several staining methods. Coomassie blue stain, silver stain, and fluorescent stain are the commonly used stains for protein detection in electrophoresis. Coomassie blue staining is popular and easy method for detecting proteins, but it needs post electrophoretic processing. Silver staining is a more sensitive method used to detect proteins even in lower concentrations, but it is more time consuming. Fluorescent staining is a popular alternative to traditional staining procedures, mainly because it is more sensitive and easier to process than Coomassie staining. We have developed a method for in-gel staining of proteins, which is inexpensive, easy to perform and also aids in efficient recovery of protein for further characterization.
Covalent or non-covalent derivatizations of proteins with fluorophores are used for the identification of proteins in electrophoresis.
Covalent derivatization of proteins with fluorescent labels such as sulforhodamine 101 and rhodamine 6G 2,3 have achieved detection limits down to the single molecule level. Further complicating attempts to label proteins by fluorescent tags is the requirement that both protein and dye are present in higher concentrations for the reaction to proceed, 4 although exceptions have been reported. 5 Non-covalent fluorescent labelling and quenching of proteins has been an important method in the study of protein folding. 6 Non-covalent labels used thus far include indocyanine green, 7 squarylium dyes, 8 NanoOrange, 9 and the SYPRO series of dyes. 10 These synthetic dyes might affect the protein conformation or may result in protein denaturation. Thus there is a need for the class of naturally occurring fluorescent labels which neither alter the protein confirmation nor have an impact on its activity.
In recent years there has been a growing interest in the use of porphyrins and related compounds as tools for cancer detection and photosensitizers in photodynamic therapy of cancer. Tetrakis(4-sulfonato phenyl)porphyrin (TPPS) is a water soluble porphyrin possessing negative charges on four sulfonic residues. Porphyrin derivatives form complexes with biopolymers (proteins and nucleic acids) non-covalently, bound by forces of electronic and hydrophobic nature.
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TPPS binds to surface positive residues of the protein and confers a negative charge without denaturing them. Proteins with acidic or basic isoelectric points are converted into net negative charge and migrate to the anode. Derivatives of protoporphyrinate, a class of molecules related to TPPS, have been used to detect protein-porphyrin interaction via gel electrophoresis. 12 A method was developed for in-gel staining of protein, without affecting the bioactivity. Two protein samples, commercially obtained bovine esterase and partially purified Aeromonas sp., protease, were used in this study.
Experimental

Reagents
Bovine esterase was procured from Sigma (St. Louis, USA) and chemicals for gelelectrophoresis were purchased from Hi-Media (Bombay, India). All other chemicals used were of analytical grade and were stored according to the manufacturer's recommendations. Sulfonation of porphyrin was done and purified in our laboratory according to a described method. 13 
Partial purification of Aeromonas protease
Aeromonas sp., is an isolate from our lab. Thirteen hours grown Aeromonas culture was centrifuged at 8700g for 15 min, then the supernatant was precipitated with 60% ammonium sulfate saturation at 4 C. The precipitated protein was collected by centrifugation at 12500g for 15 min at 4 C. It was then dissolved in minimum volume of 10 mM sodium phosphate buffer (pH 7.5) and dialyzed against the same buffer. The protein content was determined by the Bradford's method using the Bio-Rad assay reagent, with bovine serum albumin (BSA) as standard. 14 
Native polyacrylamide gel electrophoresis
Native PAGE was performed using a discontinuous gel system. 15 Stacking (pH 6.8) and separating gels (pH 8.8) were prepared with 4% (w/v) and 8% (w/v) acrylamide, respectively. TPPS labeling of protein was carried out by mixing protein sample with 1X sample solubilizing buffer (2X buffer contained, 0.5% (w/v) TPPS, 50 mM Tris-Cl pH 6.8 and 25% (v/v) glycerol) incubated at 4 C for 30 min before loading onto gel. Running gel buffer was prepared at pH 8.3 containing 0.192 M glycine and 0.025 M Tris and electrophoresis was carried out at 60 V at 22 C for 4 h. Various concentrations of protein (BSA) and TPPS were used in independent experiments to determine the sensitivity of the method. TPPS-labeled partially purified protease (20 μg) and commercial esterase (3 μg) was loaded onto the gel in duplicates to observe protein bands and to detect enzyme activity by zymography. After electrophoresis, protein bands in TPPS-labeled sample were visualized under UV light; the gel lane loaded with unlabelled sample was stained with Coomassie brilliant blue (CBB) R-250 and destained to visualize protein bands.
Zymogram analysis
Each TPPS-labeled sample loaded in duplicate was first equilibrated in 25 mM sodium phosphate buffer (pH 7.5) for 30 min and then subjected to zymogram analysis. For protease activity staining, the gel was immersed in equilibration buffer containing 1% (w/v) gelatin for 1 h at 37 C, in order to allow the substrate to diffuse into the gel. The gel was then transferred to a clean petri dish and incubated at 37 C for 1 h for the digestion of the gelatin by the active protease. After incubation, the gel was stained with CBB R-250. The protein band with protease activity in the gel was visualized as the clear zone of hydrolysis. 16 For activity staining of esterase, the gel was sandwiched between a substrate-agar emulsion and was incubated at 37 C until a clear zone was observed. The substrate-agar emulsion was prepared using 1.3% (w/v) agar, 0.5% (v/v) tributyrin, 25 mM Tris-Cl, pH 7.5 and 0.1% (v/v) Triton X-100.
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Results and Discussion
The post-electrophoretic process involves staining of protein gels with CBB and subsequent destaining of the gel to detect protein bands are time consuming steps. This method described herein does not require the post-electrophoretic process for detecting protein bands. The effect of porphyrin concentration on formation of protein-TPPS complexes (intensity of protein band) was determined by loading a constant amount of protein incubated with various concentration of porphyrin. It was found that 2 -2.5 mg/ml of TPPS is required for detection of BSA in native gel. The sensitivity of the method was determined by using BSA protein by loading various concentrations of protein with TPPS (2.5 mg/ml) and compared with unlabeled protein bands. The detection of BSA protein band in the gel by TPPS labeling was more sensitive than that by CBB staining (Figs. 1(b)  and 1(c) ).
Both the enzymes partially purified protease and commercially obtained esterase, were resolved properly (Figs. 2 and 3) . Since TPPS is a fluorophore, binding of TPPS to proteins makes the protein bands visible under UV-light. The protein band pattern observed in TPPS labeled sample was similar to the band pattern observed in unlabelled sample. The mobility shift of TPPS labeled protein from unlabelled protein depends on the surface positive charges in the protein. The affinity/specificity of binding of TPPS with different proteins differs depends on the surface property of the proteins. There are many reports describing the binding of porphyrin derivatives with human serum albumin, 12 BSA 18 and high density lipoproteins. The activity staining of proteins as shown in Figs. 2 and 3 proves that the biochemical activity of the proteins was preserved after electrophoresis. In traditional preparative gel electrophoresis of proteins, part of the gel was sliced, stained and destained to detect the protein bands to be eluted. By using this TPPS method for preparative gel electrophoresis, one can visualize the protein bands directly under UV light and the required protein can be sliced and eluted. Since the porphyrin binds to protein non-covalently and the biochemical properties were preserved, the proteins can be eluted through preparative gel electrophoresis in their native form, without denaturing them. This method can be extended to study multimeric protein complexes.
